Introduction
The charmed and bottomed baryons, which contain a heavy quark and two light quarks, provides an ideal tool for studying dynamics of the light quarks in the presence of a heavy quark. They behave as the QCD analogue of the familiar hydrogen bounded by the electromagnetic interaction, and serve as an excellent ground for testing predictions of the constituent quark models and heavy quark symmetry [1, 2] . The u, d and s quarks form an SU(3) flavor triplet, 3 × 3 =3 + 6, two light quarks can form diquarks with a symmetric sextet and an antisymmetric antitriplet. For the S-wave baryons, the sextet contains both spin- 1 2 and spin- 3 2 states, while the antitriplet contains only spin- 1 2 states. The and (Ω due to Lorentz covariance. The first structure p has an odd number of γ-matrices and conserves chirality, the second structure 1 has an even number of γ-matrices and violate chirality. In the original QCD sum rules analysis of the nucleon masses and magnetic moments [13, 14, 15, 16] , the interval of dimensions (of the condensates) for the odd structure is larger than the interval of dimensions for the even structure, one may expect a better accuracy of results obtained from the sum rules with the odd structure.
In this article, we choose the two tensor structures to study the masses and the pole residues of the heavy baryons Ω 0 c and Ω − b , as the masses of the heavy quarks break the chiral symmetry explicitly.
According to basic assumption of quark-hadron duality in the QCD sum rules approach [11, 12] , we insert a complete series of intermediate states satisfying unitarity principle with the same quantum numbers as the current operators J a (x) into the correlation functions to obtain the hadronic representation. After isolating the pole terms of the lowest states Ω a , we obtain the following result:
In the following, we briefly outline operator product expansion for the correlation functions Π a (p) in perturbative QCD theory. The calculations are performed at large space-like momentum region p 2 ≪ 0, which corresponds to small distance x ≈ 0 required by validity of the operator product expansion. We write down the "full" propagators S ij (x) and S ij Q (x) of a massive quark in the presence of the vacuum condensates firstly [12] ,
where sg s σGs = sg s σ αβ G αβ s and
, then contract the quark fields in the correlation functions Π a (p) with Wick theorem, and obtain the result:
Substitute the full s, c and b quark propagators into above correlation functions and complete the integral in coordinate space, then integrate over the variable k, we can obtain the correlation functions Π a i (p) at the level of quark-gluon degree of freedom. Once analytical results are obtained, then we can take quark-hadron duality below the threshold s 0 a and perform Borel transform with respect to the variable P 2 = −p 2 , finally we obtain the following sum rules:
where
. We carry out the operator product expansion to the vacuum condensates adding up to dimension-6. In calculation, we take assumption of vacuum saturation for high dimension vacuum condensates, they are always factorized to lower condensates with vacuum saturation in the QCD sum rules, factorization works well in large N c limit. In this article, we take into account the contributions from the quark condensates ss , ss 2 , mixed condensate sg s σGs , gluon condensate αsGG π
, and neglect the contributions from other high dimension condensates, which are suppressed by large denominators and would not play significant roles.
Differentiate the above sum rules with respect to the variable 1 M 2 , then eliminate the quantity λ Ωa , we obtain two QCD sum rules for the masses M Ωa :
3 Numerical results and discussions is M 1232 = (1231 − 1233) MeV ≈ 1232 MeV, and the mass of the first radial excited state ∆(1600) is M 1600 = (1550 − 1700) MeV ≈ 1600 MeV [3] . The separation between the ground states and first radial excited states is about 0.5 GeV. So in the QCD sum rules for the baryons with the light quarks, the threshold parameters s 0 are always chosen to be √ s 0 = M gr + 0. Table.1 and Table. 2, respectively. From the two tables, we can expect convergence of the operator product expansion.
If we approximate the phenomenological spectral density with the perturbative term, the contribution from the pole term is as large as (31 − 55)% ((26 − 50)%) for the charmed baryon Ω From the sum rules in Eqs.(8-9), we can see that the interval of dimensions (of the condensates) for the odd structure is larger than the interval of dimensions for the even structure, we expect a better accuracy of results obtained from the sum rules with the odd structure, just like the original QCD sum rules analysis of the nucleon masses and magnetic moments [13, 14, 15, 16] .
We can choose smaller Borel parameter M 2 or larger threshold parameters s 0 a to enhance the contributions from the ground states. However, if we take larger threshold parameter s 0 a , the contribution from the first radial excited state maybe included in; on the other hand, for smaller Borel parameter M 2 , the sum rules are not stable enough, the uncertainty with variation of the Borel parameter is large.
Taking into account all uncertainties of the input parameters, finally we obtain the values of the masses and the pole residues of the heavy baryons Ω = (6.14 ± 0.10) GeV ,
from A from Eq. (8) and Eq. (10), and
from Eq. (9) and Eq.(11). The value M Ω 0 c = (2.72 ± 0.13) GeV is in good agreement with the experimental data M Ω 0 c = (2.6975 ± 0.0026) GeV [3] , other theoretical predictions also indicate the value is about 2.7 GeV [5, 7, 8, 9] . The experimental value M Ω − b = 6.165 ± 0.010 ± 0.013 GeV is about 0.1 GeV larger than the existing theoretical calculations [5, 6, 7, 8, 9] , our prediction M Ω − b = (6.14 ± 0.10) GeV is excellent. Once reasonable values of the pole residues λ Ωc and λ Ω b are obtained, we can take them as basic input parameters and study the hadronic processes with the (light-cone) QCD sum rules. 
Conclusion
In this article, we calculate the masses and the pole residues of the heavy baryons Ω 
